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d
The development of an understanding of asymmetric induc- ~o"™~"~"~"~g P s
tion in successful asymmetric catalytic reactions is important ., L

7 A= f—=—"0"0"O~

3
to establish a basis for the rational design of new asymmetric @cozma . <
reactions. The complexity of the issues involved make such a T ‘
task particularly challenging. Consider the use of asymmetric .

aIIlyIic alkylati_ons catalyzed by palladium as illqstrated in eq aKey: (a)n-CsHoLi, ether,—75 °C, (CHs):.NPChL then HCI, HO,
1. Four motifs have been put forward to explain asymmetric cycy, 43%; (b) (PBP)Pd,N-methylmorpholine, PhCH 120°C, 69%:
induction in such cases: (1) electronic desymmetrization of the (c) Hc=CCH,CH,OTBDMS, (PhP)Pd, CuBr, (GHs)sN, 70 °C; (d)
intermediater-allylpalladium complex as in cases wherein the TBAF, THF, 0 °C then MEM-CI, {-CsH7):2NC,Hs, CH,Cl,, room
binding atoms of the bidentate ligand are differéh(?2) steric temperature (rt), 78% fron; (e) HSiCk, PhH, reflux, 47%; (f)
strain creating differential bonding between the two allylic Ba(OH), HO, CHOH, rt, then HBTU, (GHs)aN, CH:Cl,, 0°C, 91%;
termini and palladiun, (3) secondary interactions with the () i. Ba(OH), CH;OH, rt then HBTU, (GHs)sN, CH;Cl,, 0 °C; ii.
incoming nucleophile by asymmetric attachment of an ion 2'(‘1'|F_’|hg”y'ph95ph:”f)t;enlflol'\lc, N"’,‘C'd' HBT#’I AG)sN. EBTLfJI =
binding groug or (4) a chiral pocket. For ligand1 a model O-(1H-benzotriazol-1-ylN,N,N',N'-tetramethyluronium hexafluoro-
. . P ” phosphate.

involving the concept of a “chiral pocket” has been proposed,

but all attempts to obtain direct evidence such as X-ray gt reside. The unusual effects observed in eq 1 suggested
crystallography or NMR spectroscopy have proven fruitless.

While evidence disfavors electronic desymmetrization involving

coordination of an amide and a phosphimagtal ion coordina- o Q o 1

tion with the incoming nucleophile has some attractions. For NN

example, there is a strong metal ion effect as shown by the fact oo, Prop

that the enantiomeric excess (ee) increases in the orderNa T “CHCOR), — e ;

K+ < Rbt < Cs".8 However, since these results parallel a o [n® CsHsPdCI], Cro C:ZR o
2

cation effect seen with tetraalkylammonium salts in the order R =cH,
(CH3)4N+ < (C2H5)4N+ < (n-C4H9)4N+ < (n-C6H13)4N+,9 R' = OCHgy
specific ion binding effects are difficult to discern. It is par- . ) . o ) .
ticularly noteworthy that, in this case, the escort ion, the cation, that incorporating cation binding sites to transport the counterion
appears to play a much more significant role than the nucleo- of the nucleophile rather than the nucleophile itself may affect
phile, the anion, even though the latter actually binds to the Poth enantioselectivity and rate. Simple glyme-like units, as
allyl unit in the transition state of the enantiodiscriminating step. depicted in ligand2—4, were chosen for synthetic simplicity

Much interest has focused on the design, synthesis, and studyﬁ‘nd struqtural flexibility for the tentacle to reach out |nto_solut|qn
of synthetic ion channels to mimic natural transport protéins. to coordinate and then to fold inward to deliver the ion pair.
One can conceive superimposing such a concept onto the

working model for the asymmetric induction of eq 1, which P saaaad
invokes a “chiral pocket.” Modeling suggested that substituents 2 A-Ar-

attached to the phenyl rings of the diphenylphosphino moiety \\

of 1 would project into the “chiral space” in which the reactants Q 0 o0
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lysts. Performing reaction 1 with a catalyst derived from 0.2 100
mol % [y3-CeHsPdClp and 0.6 mol %3 with dibenzyl
sodiomalonate in methylene chloride at4Dgave a 90% yield

of alkylated product of 96% ee as determined by chiral HPLC. 1
A similar reaction differing only in maintaining room temper-
ature with the dipod ligand in the normally difficult acyclic
case (eq 2f gave a 68% yield of produ& of 90% ee. Using
sodium benzenesulfinate as the nucleophile and ¢Bloa}
CHCIl; (dba= dibenzylideneacetone) as the palladium source 25
in an aqueous methylene chloride two phase system gave an
81% yield of 10 of >99% ee.

—/L—  Na benzenesulfinate

"""" @ Li benzenesulfinate

yield (%)

50 o

===~{--- K benzenesulfinate
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0CO,CH, Nu 200
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Figure 1. Cation effect with dipodal ligand.

X +  NaNu
9 Nu”= CH(CO,CH,Ph),
10 Nu™=SO,Ph or NHs™ (=180 min). The tetrapodal ligan8 shows similar
behavior to the dipodal ligandl.

Our earlier studies suggested that the cation effect leading to  The dipodal and tetrapodal ligandsnd3 show that sodium
high ee derived at least in part from a slower rate of alkylation Salts can give excellent ee values and simultaneously effect a
which permitted equilibration of the intermediateallylpalla- rate enhancement in contrast to our ea.rller studies with ligand
dium complex so that it effectively symmetriz€d On the other 1. Furthermore, while the rate is cation dependent, the ee
hand, these reactions with ligan@sand 4 appear to show became cation mde_pendent, being high in aI_I cases. AconS|ste_nt
significant rate enhancements and still high ee. For example, €xplanation takes into account the dynamic structure that this
the time for complete consumption of starting material for the “chiral pocket” appears to exhibit, especially with the five-
cyclohexenyl substrate as shown in eq 3 dropped from 16 h atmembered ring substrate. By incorporating arms into the
40 °C with the malonate nucleophile using the standard ligand “Pocket,” either the relaxation of the “pocket” to provide the

1to only 2 h with the tetrapod ligan@ (99% vield, 99% ee). ~ Symmetry necessary for high chiral recognition is enhanced or
the “pocket” already possesses the structure required for high

e toxt enantioselectivity. In either case, speeding up the rate of the
Q o NaNo©& — © ®) alkylation need not have a significant influence on the ee. The
OCO,CHs “Nu enhanced rate undoubtedly derives from the metal binding effect

which would make the anion freer and thus more nucleophilic

11 Nu = CH(CO,CH,Ph . . . .
’ (CO:CHPN2 as in polyethers. The cation specificity attests to this conclusion.

12 Nu= m Itis remarkable that simple unstructured glyme-like units show
J such specific effects and that the more highly organized crown
13 Nu = SO,Ph structures are not requiré®® Hayashi and Ito et &17 have

developed a family of ligands wherein asymmetric interaction

With sodium phthalimide as nucleophile, the standard ligand of an arm directly with the incoming nucleophile is responsible

required tetrahexylammonium bromide as a phase transferfor molecular recognition. The fact that both the symmetrical

catalyst in an aqueous methylene chioride two-phase system€trapod and the unsymmetrical dipod ligassnd4 gave the

and led to completion after 18 h with 5 mol % catalyst. The S&me results suggests that such an asymmetric interaction with
dipod ligand required no phase transfer agent, went to comple-the incoming nucleophile is not responsible for the molecular
tion in 2 h with only 0.25 mol % catalyst, and providéd of recognition. Thus, It appears rea}sonablg to conclude that in
98% ee in 91% yield ’ this family of ligands, secondary interactions affect transport
The reaction of tﬁe cyclohexenyl substrate with sodium of the nucleophile but not molecular recognition. The results
benzenesulfinate to givé34 was explored in greater depth. support t.he contention that mOIeCU|ar spulptmg c.)f.the "Ch.'Fa'
For these studies, the reaction conditions involved 0.13 mol 9% POcket” in a somewnhat rational fashion to elicit specific
(dbayPd>-CHCI; and 0.30 mol % ligand in a water/methylene selectivities may be possible and readily realized experimentally
chloride two-phase mixture at®C. A significant rate enhance- Y the strategy outlined herein.
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